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Abstract: To ensure pipeline flow safety and carry out pigging operation smoothly, it is of great significance to figure out
the effects of structural parameters of bypass pig on its movement laws and cleaning effectiveness. In this paper, pigging
simulation was carried out on an actual natural gas condensate pipeline. The effects of the structural parameters (e.g. bypass
fraction and friction force) of bypass pig on its movement characteristics and pigging slug were analyzed. Besides, the
difference of movement laws between the gas condensate and the liquid water in the process of bypass pigging was studied.
It is shown that with the increase of bypass fraction, the average velocity of bypass pig decreases linearly, the pigging slug
volume drops remarkably and gas rate fluctuation is flattened. The friction force has a great impact on the simulation results.
And the predicted pigging slug will increase greatly if the friction force of the pig before the simulation is underestimated.
The movement characteristics of liquid water and gas condensate in the process of bypass pigging differ a lot, and
the existence of liquid water can to a certain extent, weaken the effectiveness of bypass pigging. (11 Figures, 1 Table,
20 References)

Key words: bypass pig, bypass fraction, friction force, pigging slug, liquid loading

TR A A L AN AT, R RIS KR T TR ORI s A
M A EE R, RRTEITREEKINIZT S WS HCE ER S i 34 1 558 fL e tog (155 8 %,
SUE ARSI SR SRS T DR RSN SRR 5B R R A
PRORE 2 T 20H B R, BE g T R R i IRBD T, SR A A R RN A N B R T TR
B SHRIEE SRR LIF R A IEIEIE, BN SURIET T RIS B TS Rk,
FEAR T e RN 5 22, I/ M B SIS AT IR L, M 2 I IR U S5 8 3 B S S5 S B i s s AT &
WA G EARHERG RENS BB /M B BUIE R, 76 ELLURIBE RCR IR, AR TS B 1A .

40 PI£% 4 R i8] : 2017-10-12 12:07:06 P2 H4 B 3k : http:/kns.cnki.net/kems/detail/13.1093.TE.20171012.1207.002.html




Wralfe, 55 S E SRS WS S HE RS B RHE

H AT 6T 5538 2 5 51 R I 4 808 18 1R IR
T TR, R RGN H H ) BT 55 38
ROEGSEE REEBRERNAERR. FEHRE
BRI, VB A RE 1) BRI T O AN R A e
B T 5 SR T2 R EE R R, B e
PEYE ) VS SIS EE R B R Y N K R, B
T WA B4 (R S B . R TSRO R
0 J5 B T 23t 0 B IR A BT, SRR IR AT
it R R P 2L RS AR 7RI BT Y0 9 A
f) 25 5, TR M 7 St — 2B W SO AR 8 R R 1, £ A
T I P TE LR S0 A

SRS E A IS B R BRI TR 1 2 AR I A
AR TN -2 7 o A A AT AT o BRI
BEAE RIS, Singh 1 5 X KT
B B REHEAT 32 7000 Hr ) RS IZ BN L, 42
TR E A AT TR A 5

4 (D
Upig ™ Vgas™ 2
D s C
8 p bpl) ’

K : v, JIBTE A SR L, mfs; v, FIE A ES
[RIIREN I, m/s: d HFEILER, m; D NE BN,
m; Fy RS & o SR BEROBEE ), Ny C TS5 a5
) 1R B 250 py, NSRRI L kg/m'

R R (D, 3T T8 55 58 7L B0 38 7 4 5%, =0,
W 0,1, =0, BV 7 2838 47 7 B IR B — 5. 4
3819057300 L TR, 37 O P O B X 5l A T AR
T I 22 800 C 2 T S 370 0 5 £ B, R ek
T 52 550 S5 M B ST 0%, TR TS T RS E Bhad
o S BONFHIRR (p=d'ID”) 5EEHE T Fo

FIAT OLGA A A5 40L 3 S o R SR A e i v i
(B D EE Lok, ZEIENA 508 mm, £ 77.8 km,
H I E 77 2.5 MPa.

WG IR TREBHE , 7€ OLGA B/ b2 BL st B A
JSE ) T A TR A, JF B JE Y 1 s 0 i R A T B ok

Transportation & Storage |

200

—200 +
—400 -
—600 -
—800 F
—1000+
—1200F
—1400

F£/m

—"%‘

0 1I0 2I0 3I0 4I0 SIO 6I0 7I0 SIO
KB /km
Bl1 RRARSEfGEERESETEE

P 2 SR PR TOUARIE R . 8 i o3 55 3 2 15 BE
T35 BT R A SIS AT R I S A BRI,
JEERE T BEAT UL 3o SRS, 3 BRI KR,
73BN TE (7K B, PSRRI T i 7 I R R KR st
HridiatT i 22 57 1%

3

3.1 FESREET R

G BTSSR I AT T BEAE 10 FhOA [F) S5l R ¢
NBEIE AT A AR (B 20 TS R R B Akis AT
MR RR, FE— € 55 B R T, B A5 18 4T B[R] 1) 4E
e, W RIS AT B IR I, 2 AR B A R E
B, O — B R B A AR, BT EERRSR
B RGH, SRR B — AN IZ W 2, R
A I IK B SIS AT I R A A T 0, TR R
B TEEIEH DAL, RGUE I KRR, (675 5 8% %
FEP=HE9AR , SR, IR T ek i XU o 1 BE
S B IG5 A AT 7 SR s P 5, UK )
T 22 /I T ASE 7 5 5 T8 B PRI, 3 5 A T A K (A
FIEFENOM 6.2 h K EFIEAEA 18% 1) 10.3 h),
FLBE A 55718 2R (G, 8 18 H 1 RTE  3 0 FE 04 1 Uk

30 —¢=0 — 0 =2%
— ¢ =4% ¢ =6%
25+ ¢=8% — ¢=10%
~ 6 =12% 6 =14%
T, 20F — ¢ =16% ¢ =18%
E
< 15F
il
§1m
1
a2
0
2 4 6 8 10 12

JZATIN A /h
El2 FRFZEBXRTHERSTREM BRI KL

yqcy.paperopen.com 41




20184 1H H37HE 1Y S

s AR T ORI . AR TETE B A 18 AT IX
) LA 2~7 my/s B, R, 8 45 453 1) 55 8 26 T A
o 75 65 BB AT P A M A A AE A% X AT

M I TS T K I I 18] B B B AT 3RS
BRI (8 3). IEE AT R o, 5558
¢ MIAE LN o, =6.528—21.022 ¢ ZFHT AT,
T ) 1 25 38 FEZ I 5% D08 < PR i B, 55 e kAL
H 2R B KR 22 7.4% , WA FER R
7.0F
6.5
6.0
5.5
5.0
4.5
4.0

3.5
3.0

| Transportation & Storage

—m— OLGA il 45 3
— - - MRS

YT/ (m-s)

0 2 4 6 8 10 12 14 16 18
FHEA Y%
E3 FEHRFHIREMZSERNT L

g5 b PR EIE N B R, ] LSRR IS A
IBAT R, M ARAAZ S R S PR R
32 FEERRRLSM

AR AN [ 55 300 256N 7B T 4 o VAR 7 o i) 174 A%
AU (B 4D BT 0 i 55 55 30 2R P 306 K, 24 o YR AR O o
B9 /IS AR B NS5 289 0 1) 1.6 m’/s /N &2
SEH AN 18% 1 0.2 m”/s) e 245538 FAEKI, AR
T PR BN AN, WA NI B A R S E E
) AL BR8], FRAR T ZE P2 R K . 5538 Rk —
THIASE 375 7 45 3 P R ARG, /N L AT 7 BV R It sh e B,
— 7 THI, A 55 0 AL A 199 55 30 S B 1 K, T 5 TR 2 IR
RN BT U485 7 1 P A i, 1 5 22 (AR RTE VA B Sk
R EIR LI RT, U BT, T R RS B A
KB &, Tt S B T

16F
1.4} — =0  —¢=2%
~ —— P =4% — $=6%
L,o12f $=8% — $=10%
“ | ¢ =12% ¢ =14%
§ 10 —¢=16% — $=18%
i 0.8
BS
Z 06
Z 04
o
L2t ﬁ
0 L[ ran
5 6 7 8 9 10 11 12

IBATIN H] /h
4 TEFBERTEELmGEREMEIEMNE L

4 yqcy.paperopen.com

HRAE S B BOIE SR A B 4 0 B8 A VAL L VR A
B 55 I8 AR AL i 2k (B 5) EE BRUE R Vi Al
AR N ITIRR Vs Bl 55 3 2 A AR A0 i 2k (18] 6) W]
ORI« i 55 30 R (R 1G 0, A T A B IE S P8 Bk 2 I i, DA
UL R QA e L A 2 A 1« 775 B 2 A
G IR0 Bl o 55 T AR R o s b, JF H A AR
AR Horh, 15 B IR B G R i) Rk )
VISR

Vee=H—H,,,=H—1,Q, (2)
Ve=Vio— (1) Qurain (3
b HONEE SRS, m®s Hy,, NG E BZE L
TR LT E IR TR, m®s ¢ WNTEE SRR EE R
FE KA BIE A (I 18], hs Q) 9 ¢ N TA] B A 28 S Ak
/flili’ mg/h; tpig jﬂl%%&'%%@ﬁfﬂﬂ‘ I‘Eﬂ, h; erﬂin j‘j?(ﬁ?&
FEUAH A 2R HEROARE , m/he
750
700
650
600
550
500 F

450
400

HCR/m?

=}

(ER

0 2 4 6 8§ 10 12 14 16 18 20
FHEAR %

5 BEREBALLRFRIENERENRE

MEsE B E AT L ph Lk

00 — W BRIER

—n— i

400

300+

HEWE/m

200 -

100

20 2 4 6 & 10 12 14 16 18 20
A %

Eeo FEBRESMENRSMEZBENTILEZ

X (2) 53K (3) AT R0 35 5 B FE R A2 v =
ZFERNTEIEE BRI N S 45 I8 [R] B A TR U 4R 2 1
FEBR (25, 1) Quuaine =T RV JE, BEAT 5
TUIEE 55 18 2R ANE B BRI, 7T DL Vi 1E
REEEARE. 3 Vi R BT ER, W &2 il =44 78
BRI AR A8 I AL BRYE R N, 9 e T K
3.3 SERFFE

FRAE A [F] 55 38 26 R H R R FREIR




Wralfe, 55 S E SRS WS S HE RS B RHE

A B AT IR (6] A5 50 it 2 (B 7) W] 2405 4 B E 2
IR TE I 20 R R W sl . fE(R S5 IE
N IR E BOIER A IR 23 R BRAS TR
WRRMEIE , W ISR . BB TRE ML, e 261
R 1% [R5 BB TG 3 B B B R IR 8. X4
T e B IR v A P RAR N R A iR 5
A PRI K I BIE D (R I AR O R R
et 0 AR BT BELAS A FH BEAR, R YE RS K, R4
FgsiIs, DR R A IR 2 T R o R, Jl K 5
I AT AP S R Rl YD xR i A B
et o

3501 — =0 — $=2%
. — $=4% — $p=6%
T 300 $=8% — ¢=10%
2 | ¢ =12% ¢ =14%
g 230 — $=16% — ¢ =18%
ng 200
r
LE[ 150+
fmj 100

501

34 5 6 7 8 9 10 11 12 13 14
JEATIN E)/h

7 FAREIZEXRTEELOSEMEERE KL

BREA I RE o 4% 5 BE IR BE SR 0 SEANME R S
BH S BN i B IR A A A BT B, R
HE T T A R R e B R A S
o P AR PR 5 ok L AT BB A, R TR 1A
XS % 18 Bl L T 6 I 1R I B E B
It AN S5 R TG A5 RN B AR A
X T A 48 L T I TR T BOE B R (B
8 9, HrBEAL R 0 IS IADUIN SR AT R R HE BE 5 )
FOA B 2 R DI FE FEUEAE b AR AL R 2, IEA 3%
INESE IR, SUE RN BEE TN o

-0 — S BT 6.0
2 Sol — = — I
£ usf | -
w46} ! =
W 44l -5.0 =
2 4 - i
gorer i
% 40t | 4.5
g 381 |
¥ 361 ! L4.0
341 . . . I . . . . .
—80 —60 —40 —20 0 20 40 60 80 100 120
BEHE T3 (A4 %

E 8 HERTIREMFERBMEE IR Lk

Transportation & Storage |

4501
% 400%
)
w3501
ELL
g 300

250

200

*éO *.60 *.40 *.20 0 2.0 4b Gb 8.0 160
JEEE T3 HAEAE %
B9 FEREBMEZENNETLHZ

HI TR TIHOR, S EURE SRIs AT IR, 81T
TR PE IS, W B I T IEAC . ol T3 R TR T
SRR 17 P Ul IS A8 I 7 AR AT BE 2 I T
P VB TE, MRS AR R T R G i B E R R
Wt 2 k2>, 3 T A 47 Y B 2 R B 4 0 3 KT P A
T AR EE R B SR ME BE R ) £ 50 %6 I, 2 Im
B FE B (R B R 2 v B R AR B 20 % . BEIDL AT
BRI AN IR0 R I s A T BUE R
T g 225 Kol bk MRl R, BEE RS B A4S
(¥1i2 2 AN B 2 i B oA H BN, D AR SEfr TREROR
IS PR > IEAZAE R 2387 BE 45 0 5 R T  BE 7 JE A«

o

TS KR R AR ST b T 2 53 e PR X 1,
R HERREE SRS MG ER. WE
BEFER A S, P o b R 5% 38 2R AR A0 R A
A PLIKA L 4.0 X107 BEATIEE L, 447 5518 2K
90 110 %6 I F 2% i AR HH R (B8] 10D Jo 5%l
FAG S5, 2o RO R AR AR E 35 22 R

Bl 10a REZR 1.2 7 MR TE B BUIE S AT )2 30
it 2 BN 2. 0 TR SRS AR Is A, IEE A
AT 77 BRI AG AH A 138 20 T 5K, RAR S BERT AR
KM EIRA POH SR — R 2t 2 1 Sk A
JRE S [ B 2)IA

X T 55 0 AL S 0 A, 2 o BRI
R TT LA 3 ANB B (B 10b). REZR 1 X i B
FE S0 B I8 45 T 2% g (1IN ), L B A HH 197 B 2E DA
KRB THCN T, BT IR R IT AR bEds , R K
AERAR . HBLR 2 X R AVRAS KON 3 107 5 B 2E ST
G IR 2, S K R 2R R R AR,

uis

yqcy.paperopen.com 43




20184 1H H37HE 1Y S

| Transportation & Storage

1800F — s pbygi fAeti
Lsool —— RAUHT R
— AR,
E 1200 !

S~

i
900
600
=X

300

JBATIN A /h

(a) SHIEEN 0
1800F — 2L R
—— RO
1'500¢ WA
E 1200}
]
= 900}
=
E 600 |

3001

6 7 g o 10 1112 13
ZATH Al /h
(b) 55l AN 10%

B 10 AREEBERIR TNRIBIRGREE M
Ve AT VR B 28 P R R AR S 2, U W AE % B B HE A B
FEHR, BT O LG B, KA A EG B MR 3 R
(I 2 R TE 8 SR BA S T 20, H TS E I HEE N
RO B HEZS , KR ISR ST WA — BB [) P9 JE 9
&, RN IE R RIS .

T ZE R AR B R R R 55 B AL O AR R
HE TS, SEEE A S T AR NTE B AR AT
XPHT T AR B A E . BT RAR BT
(102 LUK PR35 /N, TR bt 5% 368 S0 R e 68 R AT VR
W [ri) B S P A3, A5 T AR P I 300k B KR, it
TRAE T 8 W ZE S B0 Sk N T 2, AT I T
ST B X PR R RS R TE

R AN ) 538 2R T 45 18 280t R AR SN VRIS
K Rt B 2 (B 11D R s B o 5% 30 S 0 3G K, 2% 3
BRI o SR RAR BT IR AS 7K/ ()
JEATH . XFEG 57y 0 6 % M # A 100, B A5 55
T R IE R, AR AT A 1 TR RIS, TS
KR IAL B2 3/ N IR BEAN R

TR @R TG ERIELE Vi, LKA
BT S5 A K B BUEE BB (F D). BisZE=R
(RHER, 76 B2 SR/, RAR BT AS /K
JRFEAG . AHMN 5 EE AR B2 20 A - Bl S5l R I 1K, RARA

44 yqcy.paperopen.com

1.8}
el — ERE
~ — RN
Lo L4r — WA
M\g 121
~ 1.0} 0
i)
£ 08y
£ o6t
‘§ 04} 6%
= 02} 12% 18%
0 —=A
6 7 3 9 10 11

14T ] /h
B 11 REFEETRERRSRITRARSKE RS %
®1 TREZBETEEREE V, WELER

THEBE R BEKE RIRVERT  aSK

FEE T GRS %
0 719.95 491.13 228.82 68.2 31.8
6% 680.47 439.96 240.51 64.7 35.3
12% 548.68 329.19 219.49 60.0 40.0
18% 465.34 257.88 207.46 55.4 44.6

AT T BRI EE RN, VRS KB o e
EIIEIN . SRS A 55 AR B M AT DA 25 ARG
BUZE , (BB /K BUZE I/ M LSS, A KA
FESAE—ERESE b I 95 SRS & BOR .

I8 A T 10 A7 3 P it 5538 5 (1 39 K 2> »
TN R RO AR RFEE I S A, W) LAER
LR I RIS AT R, RETTOL AL R B R A
B 55 0 A A1 K, 88 2 IR R, AU
gz,

(2) 758 a5 BEHE 3 SN HERA, 5236 TR i 2
JE B BUIE R TN 22 A B B PR R . BRI 3 K
S A I IS B L /N, T BUEE R IRk, AiEE
A EEAE ) Ml S R U BEHE ) £50 %6 I, 2 imi A R E R
I8 1 R R A fiv 5 e HE R 20 %6

(3 Xt FAL g & 4% i T B R A R 112 3)
R, RAR BT AR KIR A, — (R AR 1) 28 3
0 117 55 38 SL A S0 T s » 28 v P T 6 B 2E 20 )
S I LABER TR A ELB S 7K O 2 K B ZE U R

(4) A 55 8 A AR, AR BN i i BL2E
R LRSI B, TS K R o LE AR . SRR
e 5 0 A I KRT DL 2 PR AT Y BLZE  (EX K B
I BRAE S o AR A A ERE S LI 59
SRR B AOR -




Wralfe, 55 S E SRS WS S HE RS B RHE

SE K :

[1] TALAIE M R, DEILAMANI K S. A new approach for modeling
of gas-condensate flow through pipelines under industrial
operating conditions[ J]. Journal of Natural Gas Science and
Engineering, 2014, 21: 540-555.

[2] WALTRICH P J, FALCONE G, BARBOSA ] R. Liquid
transport during gas flow transients applied to liquid loading in
long vertical pipes[ ] 1. Experimental Thermal and Fluid Science,
2015, 68:652-662.

[3] LEEH S, AGUSTIAWAN D, JATI K I K, et al. Bypass pigging
operation experience and flow assurance study[ CJ. Houston:
Offshore Technology Conference, 2012: 1-10.

[4] VAN S G, ENTABAN A, MOHAMAD A K, et al. Field
experience with by-pass pigging to mitigate liquid surge[C].
Cannes: 16th International Conference on Multiphase Production
Technology, 2013: 299-308.

[5] DONOGHUE O. Pigging as a flow assurance solution avoiding
slug catcher overflow[ CJ. Aberdeen: The Pigging Products and
Services Association Conference, 2005: 49-55.

[6] ENTABAN A, ISMAIL A, JAMBARI M, et al. By-pass pigging
- a ‘simple’ technology with significant business impact[C].
Beijing: International Petroleum Technology Conference, 2013:
IPTC 16905.

[7] WUH L, VAN SPRONSEN G. Slug reduction with high by-pass
pigs—a mature technology[ CJ. Barcelona: 12th International
Conference on Multiphase Production Technology,2005:
313-325.

[8] OLANIYAN Y, LARREY D. Bypass pig modeling - A three
phase gas condensate pipeline field case[ C]. Banff: 9th North
American Conference on Multiphase Technology, 2014: 499-512.

[9] DEN HEIJER A. Frictional behaviour of pigs in motion[D]J.
Delft: Delft University of Technology,2016: 3-6.

[10] GROOTE G A, VAN DE CAMP P B J, VEENSTRA P,
et al. By-pass pigging without or with speed control for gas-
condensate pipelines[CJ. Abu Dhabi: Abu Dhabi International
Petroleum Exhibition and Conference, 2015: SPE-177819-MS.

[11] MONEY N, COCKFIELD D, MAYO S, et al. Dynamic speed
control in high velocity pipelines[ J]. PPSA Pipelines & Gas
Journal, 2012, 239 (8): 30-38.

[12] NGUYEN T T, YOO HR, RHO Y W, et al. Speed control of

pig using bypass flow in natural gas pipeline[ CJ. Pusan: IEEE

Transportation & Storage |

International Symposium on Industrial Electronics, 2001:
863-868.

[13] NGUYEN T T, KIM S B, YOO H R, et al. Modeling and
simulation for pig with bypass flow control in natural gas
pipeline[ J ]. KSME International Journal, 2001, 15(9): 1302-1310.

[14] MIRSHAMSI M, RAFEEYAN M. Speed control of pipeline
pig using the QFT method[J]. Oil & Gas Science and
Technology, 2012, 67 (4):693-701.

[15] ZHU X, ZHANG S, TAN G, et al. Experimental study on
dynamics of rotatable bypass-valve in speed control pig in gas
pipeline[ ] ]. Measurement, 2014, 47: 686-692.

[16] SINGH A, HENKES R. CFD modeling of the flow around
a by-pass piglCJ. Banff: 8th North American Conference on
Multiphase Technology,2012: 229-243.

[17] AZPIROZ ] E, HENDRIX M H W, BREUGEM W P, et al.
CFD modelling of bypass pigs with a deflector disk[C]. Cannes:
17th International Conference on Multiphase Production
Technology, 2015: 141-155.

[18] IDELCHIK I E. Handbook of hydraulic resistancel M ]. 3rd ed.
Boca Raton: CRC Press Inc, 1994: 223-224.

[19] HENDRIX M H W, DEN HEIJER A, BREUGEM W P, et
al. Frictional forces during pigging of multiphase pipelines[C].
Banff: 10th North American Conference on Multiphase
Technology,2016: 103-114.

[20] ZHU X, ZHANG S, LI X, et al. Numerical simulation of contact
force on bi-directional pig in gas pipeline: At the early stage of
pigging[ J]. Journal of Natural Gas Science and Engineering,
2015,23:127-138.

e F 393: 2017-01-06; AE[A1 F 33: 2017-10-125 Zi - XUARD

HEHEWB : E 5 R E RT3 %K R RSB
HIREERA”, 20162X05028-004-003

{EZ A Weadta, B,1992 4, fE i+, 2015 S E L T
i R RO i< fitis T2 L, I N FZ MR A=
AR ARAR G TE o Hbhik: (AR 7 B T 3 X KT % 66 5,
266580, FLi%: 18353244336, Email: s15060742@s.upc.edu.cn
BIRER « RIS, 5, 1962 428, #b2, £85I, 2002 4+
Bl P e 5B R 2 B T RS TR G, 3 B H 2 A
IR R RR MR, Huhk: (LR T S R X KT

P 66 5 ,266580. HLIE: 13863908229, Email: helimin@upc.edu.cn

yqcy.paperopen.com 45




